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Abstract 
Agile management practices are based on an iterative cycle that seeks to ensure design and development projects are delivered according to schedule and budgetary constraints while allowing flexibility to be applied to the project scope.  Agile is now being applied to areas beyond the information technology (IT) sector and the question arises: Can agile management practices be applied to higher education institutions?  Universities are complex organizations undertaking education, research and knowledge exchange activities supported by a range of administrative areas and professional services.  Universities also face a number of challenges, including financial pressures and funding constraints, increasing levels of competition and the introduction of new technologies.  Therefore, this paper will provide a review of agile and examine how agile project management can be applied to the operations of universities.  This will include exploration of a series of illustrative cases that will identify the opportunities for applying agile management techniques at universities through describing specific examples for education, research and knowledge exchange.  Following conclusions the paper includes recommendations on the potential application of agile management practices to higher education institutions.
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Introduction
The adoption of agile project management has been gathering pace over the last several years (Vlaanderen et al, 2011) and it is now being applied across different applications (Denning, 2013).  In a broad sense, agile management offers flexibility through allowing decisions on the product or service to be taken as late as possible in the project lifecycle.  There is also a clear focus on ensuring the product meets the business need as well as promoting opportunities for close working with the customer.  Furthermore, the agile methodology is focused on reducing administration and excessive planning through adopting lean practices and related areas include Scrum, Extreme Programming and DSDM (Dynamic Systems Development Method).   Agile was originally developed in the software industry as an alternative to the traditional ‘waterfall’ project management methodology and as an approach to accommodate the uncertainty that accompanies software development.   Highly complex projects will of course still require significant planning but the agile approach offers a potentially quicker and more adaptable route through reduced levels of process and documentation for certain types of projects.  The use of agile is not restricted to companies either as it has also been used extensively by various governmental organizations (Wernham, 2012).
Academic institutions are often large and complex organizations that undertake research, education and knowledge exchange activities supported by a range of administrative areas and professional services.  Universities currently face a number of challenges, including financial pressures and funding constraints, increasing levels of competition and the introduction of new information and communications technologies (ICT).   Agile project management provides a new approach that universities, along with other types of organizations, may be able to utilize in order to improve the efficiency and effectiveness of the academic enterprise.  Indeed some authors have already started to investigate the merits of applying agile management to academic institutions (Nicolls et al., 2015).  This includes a broad reflection on how agile methods could be a useful heuristic for generating ideas and enabling universities to improve creativity (Twidale and Nichols, 2013).  Other studies have been more focused and have examined the development of innovative software in public universities through tailoring agile processes for use in research and development laboratories (Pereira et al., 2013).  Therefore, the purpose of this paper will be to provide a review of agile and examine how agile project management can potentially be applied to improve the operations of higher education institutions.  This will be achieved through a literature review on agile project management and from exploring three illustrative cases in order to highlight the scope for such application.  

Agile Project Management
An early definition of the agile approach was encapsulated in the Manifesto for Agile Software Development (Fowler and Highsmith, 2001), which sets out a broad view of the methodology in terms of a series of high level statements as depicted in Exhibit 1 (Agile Alliance, 2001).  Although the manifesto mentions software development, it can be equally applied to projects from other applications or industries.  





The manifesto emphasizes the main focus of agile as well as the supporting principles and it provides a clear contrast to traditional process-centric methods.  This agile approach highlights the importance that is placed on the people or social dimension of projects including collaboration with the customer in order to achieve a working solution to meet the business needs.  The focus is positioned as being distinct from a strict process implementation according to fixed rules and regulation that lacks the ability to adapt to any arising issues and challenges.  Implicit within the agile approach is the need not to adhere to a fixed plan but to adopt a more adaptive and responsive delivery of projects through iterative steps that result in product features and working solutions being generated for the benefit of the client or stakeholder organization.
There are a number of variants of agile project management and the Scrum approach has been investigated widely.  The Scrum methodology commences with a product backlog (Rubin, 2012), which is a prioritized list of product features.  The product backlog guides the work so that the highest priority feature is developed first and according to an exploration/engineering/deployment sub-set of activities.  In the case where resources are no longer available or there is no more time remaining on the project, the work (and features) that was not completed will implicitly be a lower priority than the completed features.  Exhibit 2 provides an overview of the agile development cycle according to the Scrum approach.
In the scheme project work is delivered through time-boxed iterations that could, for example, be over a week or a month.  As part of each iteration, a self-organizing project team undertakes the required work, namely exploration (design activities) through to development (engineering work) and finally deployment (implementation).  This results in the desired features that enable a working product to be delivered – even if the eventual product only has a proportion of the originally specified features, although the product does need to be able to function adequately.  This is a fundamental part of the agile approach to project management, where projects are delivered according to schedule and within budget, but there is flexing on the features or specification of the delivered working product (although this does not mean that quality standards are compromised).  Conversely the traditional approach to project management focuses on delivery according to fixed budget, schedule and specification (the so called ‘iron triangle’ approach) leaving no room for flexing of the specification.  While this a valid approach for many projects, there remain a number of problems with this fixed process-centric approach, for example, the continued failure of many IT projects as reported by the Standish Group (1995 and 2009).  It is in this context that project management needs to become more flexible along with an improved responsiveness to customer needs (Highsmith, 2009).

Exhibit 2. Agile development cycle (adapted from Rubin, 2012).


A core feature of the agile methodology is a particular focus on close team working (Highsmith and Cockburn, 2001) and where possible, this can include co-location of suppliers with client or customers organizations, which can result in an intensive form of joint working and sharing of data and information across the project.  Building in close customer participation from the outset can also reduce the barriers to communication so that customer feedback on issues encountered can be acted on rapidly, thereby supporting the adaptive nature of projects.  Collaborative decision-making is another feature of agile but this form of working requires a supporting culture.  Indeed for some organizations to transition from process-centric project management to agile a number of challenges need to be overcome (Nerur et al., 2005).  These challenges include management and organizational issues (such as the organizational structure, management style as well as overall culture of the working environment), people-related issues (such as the need for effective team working as well as high levels of partnering and collaboration as well as trust with customers), process-related issues (associated with changing from a process-centric to a feature-driven, people-centric approach as well as the need to adopt short, iterative project cycles that can cope with flexibility and adaptability) and technological issues (such as the appropriateness of existing tools and techniques as well as the need for new skill sets).
A number of specific benefits for adopting an agile project management approach have been reported (Cobb, 2015).  These include an increased focus on business outcomes, reduced time to market, higher productivity and lower costs, higher quality and organizational effectiveness.  Achievement of such benefits will be dependent on both the practices adopted as well as the individual and team contributions of those involved with the project.  In the Scrum approach, there are a number of key roles (Cobb, 2015).  The Product Owner manages the product backlog and is responsible for the work of the development team and ensuring the value of the product is maximized.  The Scrum Master ensures that scrum teams adhere to scrum theory, practices and procedures.  Finally the Scrum Team is the self-organizing development team that performs the project work.  These teams will be cross-functional with overall accountability for project delivery belonging to the team as a whole.  The Scrum methodology appears initially to be a simplistic approach but it is highly predicated on close working between all those involved as well as sharing of information and risks in a collaborative manner.  The Scrum Team is advised on scrum approaches by the Scrum Master and the Product Owner feeds inputs from the customer community to the Scrum Team.  Delivery is according to 1-4 Week Sprints that are focused on incrementally tackling the Sprint Backlog.
It is possible to adopt other scrum practices for projects and these can include closer working with videoconferences and more frequent meetings including daily scrum meetings, synchronized 4-week sprints and annual gatherings, which can all help improve communication across distributed major projects (Paasivaara, 2009).  Other agile practices include the Kanban board, which is used to visualize and coordinate teamwork (Corona and Pani, 2012).  Such boards are based on a series of columns that clearly highlight the sequence of project activities and there can be cards used to identify the features that are being worked on.  The board is used as a visual tool to help manage the workflow and ensure product features are delivered according to the product backlog.

Framework for Academic Management System
Universities are complex organizations undertaking a range of academic activities that are supported by a number of administrative areas and professional services.  Clearly the provision of educational activities at both the undergraduate level and in some cases also at the graduate level is a core capability for universities (Barth et al., 2007).  The development of new knowledge through scientific research (Altbach and Salmi, 2011) is a further core capability and especially for research intensive universities.  Finally, the exchange of knowledge (Graham, 2006) as well as the translation of research findings into wider benefits (including commercial and societal) represents a third core capability for universities.  Therefore, it is useful to consider the academic management system in terms of these three core capabilities (see Exhibit 3). 

Exhibit 3. Core capabilities of higher education institutions.

Universities face a number of challenges, including financial pressures and funding constraints, increasing levels of competition and the introduction of new technologies (Philbin, 2013).  Therefore, a university’s ability to address these challenges will be contingent on its abilities and performance in the delivery of research, education and knowledge exchange services.  Agile management techniques are applied to the initiation and delivery of different types of projects from various applications, so it is appropriate to consider how agile can potentially be applied to the management of operations at universities for the core capabilities.  A useful lens to focus on the scope for agile techniques to be applied is to consider an improvement in operations according to efficiency, effectiveness, economic and ethical performance (so called 4 E’s).  The scope for application of agile is summarized in Exhibit 4. 






Exhibit 4. Scope for application of agile to academic core capabilities.

Performance	Education	Research	Knowledge exchange
Efficiency	Delivery of teaching and tuition services that is designed to maximize the level of knowledge and skills transferred to a cohort of students.	Generating the maximum amount of relevant knowledge arising from research activity for a given level of funding.	Supporting the translation of research findings to result in the maximum level of commercial or societal benefit for relevant stakeholders.
Effectiveness	Ensuring the scholarship that is provided is fit for purpose and results in appropriate benefits and enhanced skills for the students.	Ensuring knowledge generated has the required characteristics in terms of quality and quantity according to the research project plan.	Ensuring the exchange of knowledge with partners and translation of research findings results in the intended outcomes for the stakeholders.
Economic	Minimizing the costs associated with the delivery of teaching and related scholarly activities.	Minimizing the costs associated with the initiation and subsequent delivery of research projects.	Minimizing the transaction costs associated with the exchange of knowledge with partners.




Case # 1: Online Degree Program
Universities are increasingly making degree courses and in some cases entire degree programs available online and some universities are adopting a distributive approach to education involving MOOCs (Massive Open Online Courses).  In many cases such courses are provided free of charge although a charge is sometimes applied if the student requires a certificate to be issued upon completion of the course and the required assignments.  
The design and delivery of a new online degree program can be a challenging undertaking.  There is a need for the lead faculty member(s) to assemble the academic material, including lectures and assignments as well as materials for testing and other more interactive material; some of which would also need to be prepared for a more traditional face-to-face delivery of a course or degree program.  But there is also a need to interface with the required ICT in order to facilitate the online delivery.  In the case where a much more interactive component is sought, there will need to be a more advanced level of planning in regard to the use of technology and the user experience.  The question therefore arises: Could agile practices be of benefit to universities seeking to develop a new online degree program?  There are a number of agile approaches that can potentially be adopted and especially in the design and development stage for the program.
User stories are utilized in Scrum and Extreme Programming development projects.  Essentially a user story is a high level definition of the requirement that contains enough information to allow the designers to estimate the effort required to undertake the required task.  In the design of a new online degree program, user stories could be used to capture the features of the development tasks that need to be undertaken.  Exhibit 5 provides an illustrative set of user stories for such an application.  These user stories would be generated by the faculty members and other staff involved in the design of the new program.  This could be achieved through a structured brainstorming session involving post-it notes placed on a large chart on the wall.  The chart includes three perspectives based on the student, faculty member and administrator perspectives.  Also, there is prioritization through ranking the user stories according to being higher, medium or lower priority.  
The user stories provided are high level illustrative stories that demonstrate how the approach can be used.  Once the user stories have been generated they can be assessed in more detail in order to estimate the resources and time required to design and implement the particular feature of the system or project, which will also then be captured in the product backlog and managed accordingly.  More generally, the use of ICT at higher education institutions offers significant scope to improve operational performance, in terms of the efficiency of delivery along with the effectiveness of teaching and especially in blended environments where different forms of educational delivery are provided. Although the implementation of such technology needs to be undertaken in an ethical manner, for example, with appropriate protection of confidential information.  Furthermore, technologies adopted should provide an economical route for education to be delivered and should help universities to manage the associated costs.  Consequently, agile methodologies, such as the aforementioned user stories as well as other approaches are well suited to support these objectives.





A further agile technique that could be adopted for this case is concurrent processing.  Rather than a highly linear process-driven approach (based on requirements capture, design, development, testing and implementation), concurrent processing can be used as a way to improve the efficiency or flow of the project.  In this case, the user stories could be used to initiate the preliminary design activities while there is continued requirements engineering to ensure stakeholder needs are fully met.  Where possible, opportunities to bring forward testing of early modules (representing features with a high priority in the backlog) would also be encouraged.

Case # 2: Multidisciplinary Research Project
Multidisciplinary research projects by definition are reliant on the inputs from multiple disciplines, e.g. a drug development research project that requires clinical testing of an NCE (New Chemical Entity) but also involves pharmacological and biochemical research to be carried out before any testing can be undertaken.  The ability of the research team to work together and in a collaborative fashion will greatly impact on the performance of the research project in terms of both effectiveness and efficiency.  This is because if the sharing and use of data and information is not optimized, the knowledge output of the research project will not be maximized.  While it is difficult to envisage how the team of researchers could be a truly self-organizing team as there will still need to be a principal investigator who is able to provide overall direction of the research project.  It is possible, however, to consider how certain agile practices could help improve communication across multidisciplinary research projects.  One such practice is the use of an information radiator (or Kanban board) to track progress of the research project and Exhibit 6 provides an illustrative example of an information radiator for the drug development research project. 	
In this example, the information radiator would be available online and updated in order to provide a real-time update on the key products (which in this example are the biochemical validation and toxicology assessment) under development.  Alternatively, such a chart could simply be created on a wall with post-it notes and it would then be referred to as a Kanban board.  Use of this kind of approach would help improve coordination and communication across the drug development project, thereby improving the effectiveness and efficiency of the research.  There are also a number of other agile communication practices that could potentially be applied to the multidisciplinary research project and these include the following:
	Daily stand-up meetings for project team members at the same site.
	In the scenario where there are project team members at other sites, videoconferencing can be used to support face-to-face interactions. 
	Monthly joint meetings with all project team members to ensure the product backlog is reviewed as well as the status of key project tasks.
	Rapid sharing of information with the research sponsor through weekly ‘traffic light’ reports issued across the product backlog.
	In the situation where research projects are sponsored by industry there could be co-location of the scientific staff, e.g. in the case, a scientist from the sponsoring pharmaceutical company could be working part-time at the university laboratory to improve communication with the company.
	Use of an appropriate project ICT system to support collaborative project working.





The use of these practices and techniques should help improve the availability of data and information in a transparent manner that provides fairness for all project team members and therefore improves the ethical performance of the project.  Regular and efficient communication should also provide an improved economical basis for coordinating and managing research projects.

Case # 3: Commercial License Agreement
Knowledge exchange activities at universities can include a number of activities associated with technology transfer, including spin-out company formation and licensing of intellectual property (IP) with industrial companies.  These activities will be predicated on successful research having resulted in IP in the form of approved patents.  However, the negotiation of license agreements with companies can often be a lengthy process that in some cases is never concluded due to there being such fundamental commercial differences between the company and the university’s TTO (Technology Transfer Office).  The adoption of agile practices should be able to help in the negotiation of such commercial license agreements.
	Time-boxing is an agile technique based on breaking up tasks into smaller components that can be more closely managed in an incremental fashion.  These smaller components are managed according to a fixed period of time called a time-box that corresponds to a sprint or iteration.  In software projects, typical sprints can be 30 days in duration but for more intensive projects this time period could be shorter.  Time-boxing can be a useful mechanism to ensure projects are kept under control and that important features (and key milestones) are incrementally delivered.  Time-boxing also provides a focused approach as each sprint has a clear target that helps the project team to concentrate on the work at hand.  Exhibit 7 provides an illustration of how the time-boxing technique could be used in the management of a commercial license agreement.
	In the case, the license agreement project is considered according to three main increments, which are as follows: Agree commercial principles, develop outline agreement and conclude full agreement.  Then, each increment is divided further into key tasks and corresponding time-boxes that will need to be completed according to fixed end dates.  In the example, each timebox may need to be completed over say 3 working days, which would mean the full increment is completed over 9 working days and the entire project in 27 working days.  The illustrative scheme only provides tasks and time-boxes for increment # 1 but of course increments # 2 and # 3 would have their own sets of tasks and time-boxes to be delivered according to the same fixed end date approach.  Such a mechanism would provide a focus on the work needed to be completed within a given time-box and as long as the ‘must haves’ are completed for the time-box, the project will remain on schedule.  The time-boxing technique supports efficient delivery of projects and effectiveness is maintained through the focused direction of work in time-boxes.

Exhibit 7. Use of time-boxing to support the negotiation of a commercial license agreement.


	This latter point can be related to the MoSCoW technique, which is also from agile.  This approach is used to help prioritize tasks and features, which is of fundamental importance to agile project management.  The acronym is based on the following:
	M (Must have): This relates to a requirement or feature that is essential for the project.  In order for the project to be a success this must be achieved.
	S (Should have): This is a high priority requirement or feature that should be delivered if possible.  In exceptional circumstances such requirements or features may be de-scoped in order to keep the project on track.
	C (Could have): This is a requirement or feature that is desirable but is not essential.  Where there is available budget and time it can be delivered, otherwise it can be de-scoped.
	W (Won’t have): This is a requirement or feature that will not be delivered as part of the features and specification for the project but it may be delivered for future projects.
In the case study, the MoSCoW technique could be used to help prioritize the work and tasks to be undertaken as part of the license agreement project.  The technique would be particularly useful in helping to agree a common set of commercial principles between the company and the university, thereby improving the efficiency and effectiveness of knowledge exchange activities at the university.  The MoSCoW approach also supports an economical delivery as it helps focus project work towards ‘must and should haves’ without unnecessarily targeting ‘won’t haves’, or even the ‘could haves’.

Conclusions
This paper has provided an exploration of the scope and opportunities for agile project management to be applied to the operations of higher education institutions.  Agile project management has been introduced along with a supporting literature review on the main approaches associated with this form of management.  Universities are complex organizations that face a number of challenges in regard to improving performance and therefore operational performance improvement has been described for the three core academic capabilities (namely education, research and knowledge exchange) according to efficiency, effectiveness, economical and ethical dimensions.  This analysis of the academic management system has revealed there are a number of areas where agile can be applied in order to improve operational performance at universities, ranging from maximizing the level of knowledge passed on to students through teaching, to minimizing the costs associated with the delivery of research projects and ensuring knowledge exchange activities are carried out according to diligence, probity, integrity and a consistent set of values.
	The three illustrative cases (online degree program, multidisciplinary research project and commercial license agreement) have identified there is significant potential for agile practices to improve the operational performance of universities.  Indeed across the cases, a number of techniques have been described and investigated.  These include user stories, concurrent processing, information radiators (Kanban boards), various agile communication approaches, time-boxing and the MoSCoW technique.  These applications are included to provide real-world examples of the scope for agile management to be applied at universities.  It is interesting to note there are a number of overall agile themes that emerge from the illustrative cases, which include the focus on prioritization of features and products, focused approach through incremental delivery, enhanced communication and sharing of information as well as the strong emphasis on delivery within schedule and according to budget (while accepting some reduction in lower priority features when necessary).  
Agile project management certainly represents a major development in project management that is being implemented by many types of organizations.  This implementation is being driven by a continuing difficulty faced by many projects across different industries in regard to delivery according to the project management ‘iron triangle’, although there is still a need for process-driven project management especially for highly complex projects.  Consequently, adopting agile while drawing on appropriate levels of traditional and process driven project management may offer significant scope to change the way projects are managed across many applications and industries.  The illustrative cases described in this paper have demonstrated that this scope for agile to make an impact includes the improvement of operations at universities. 
It is recognized that the exploratory study reported in the paper represents a preliminary and high-level investigation.  Therefore, future work is suggested on investigating the implementation of agile techniques at a number of different universities, followed by appropriate data gathering through use of a survey instrument, structured interviews or other empirical technique.  These studies would provide quantitative data to support the premise that agile practices offer the potential to support performance improvements at universities and would also help to identify practical insights as well as the risks arising from such an approach.

Recommendations	
As a consequence of the research reported in this paper, the following recommendations are made in regard to the application of agile management practices to higher education institutions:
	Agile tools and techniques offer significant potential to improve the management practices at universities, either singularly or as part of a system-wide implementation.
	The performance of educational activities at universities may be enhanced through a more integrated adoption of ICT and agile techniques offer scope for such technology adoption to be carried out efficiently.
	The management of research projects at universities is often contingent on effective communications across the projects.  Agile offers a range of techniques to improve such communication, thereby supporting the delivery and performance of research projects.
	The exchange of knowledge with external stakeholders provides universities with a channel to translate research findings into commercial and societal benefits.  Agile techniques can potentially be used to help support the research commercialization process and improve performance across a range of areas.
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